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What is claimed is: j 

1 . A method of forming an air gap within a semiconductor structure 
comprising the steps of: 

using a sacrificial material to occupy a closed interior volume in a 
semiconductor structure; 

causing the sacrificial material to decompose into one or more 
gaseous decomposition products; and 

removing at least oYie of thp one or more gaseous decomposition 
products by passage through at least one solid layer contiguous to the interior 
volume; and 

wherein the decomposition of the sacrificial material leaves an air 
gap at the closed interior volume previously occupied thereby, and the sacrificial 
material comprises a norbornene-type polymer^ 

2. A method as set forth in claim 1 , wherein the at least one solid 
layer is a dielectric material through which the at least one of the one or more 
gaseous decomposition products can pass by diffusion under conditions not 
detrimental to the semiconductor structure, 

3. A method as set forth in claim 1 , wherein the at least one solid 
layer is a porous dielectric material througn which the at least one of the one or 
more gaseous decomposition products can pass through pores in the porous 
dielectric material under conditions not detrimental to the semiconductor 
structure. 

4. A method as set forth in clairt| 1 , wherein said norbornene-type 
polymer comprises repeat units of the general formula: 
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wherein R 1 and R 4 independently represent hydrogen or linear or branched 
(C 1 to C 20 ) alkyl; R 2 and R 3 independently represent hydrogen, linear or branched 
(C 1 to C 20 ) alkyl or the groups: 



R9 



-(CH) n .SiR 10 R ll R 12 



la 



R 9 independently is hydrogen, mfethvl, or ethyl; R 10 , R 1 \ and R 12 independently 
represent linear or branched (C 1 to cL) a,k y'» linear or branched (C 1 to C 20 ) 
alkoxy, linear or branched (C 1 to C 20 ) alkyl carbonyloxy, linear or branched (G, to 
C 20 ) alkyl peroxy, and substituted or unsubstituted (C 6 to C 20 ) aryloxy; m is a 
number from 0 to 4; and n is a number from 0 to 5; and at least one of 
substituents R 2 and R 3 is selected froir^the silyl group represented by the 
formula set forth under la. ( >yL_.^ 

5. A method as set fortnirf claim 4, wherein at least one of R 10 , R 1 \ or 
R 12 is selected from a linear or branchted (C 1 to C 10 ) alkoxy group and R 9 is 
hydrogen, 
6, 



A method as set forth in 



claim 5, wherein each of R 10 , R 1 \ and R 12 
are the same and are selected from methoxy, ethoxy, propoxy, butoxy, and 
pentoxy, 

7. A method as set forth in claim 6, wherein n is 0 and R 10 , R 1 \ and 
R 12 are each ethoxy groups. 

8. A method as set forth in claim 7, wherein R 2 or R 3 is a triethoxysilyl 
substituent. 

9. A method as set forth in claim 1, wherein in Formula I above, m is 
preferably 0 or 1 as represented by structures lb and Ic, respectively: 
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R1 R2 R3 R4 




wherein R 1 to R 4 are as previously defined and at least one of R 2 and R 3 is a silyl 
substituent represented by la. 



10. A method as set forth in claim 1 , wherein R 1 and R 4 taken together 
with the two ring carbon atoms to which they are attached comprise a repeat unit 
of the following structure: 




wherein B is a methylene group, q is a number from 2 to 6, and R 2 and R 3 are as 
defined above. I 

11. A method as set forth in claiiVi 1 , wherein said norbornene-type 
polymer further comprises hydrocarbyl substituted polycyclic repeating units 
selected from units represented by Formula II below: 
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wherein R 5 , R 6 , R 7 , and R 8 independently represent hydrogen, linear and 
branched (C, to C 20 ) alkyl, hydrocartWl substituted and unsubstituted (C 5 to C 12 ) 
cycloalkyl, hydrocarbyl substituted ahd unsubstituted (C 6 to C 40 ) aryl, hydrocarbyl 
substituted and unsubstituted (C 7 to C 15 ) aralkyl, (C 3 to C 20 ) alkynyl, linear and 
branched (C 3 to C 20 ) alkenyi, or vinyll any of R 5 and R 6 or R 7 and R 8 can be taken 
together to form a (C, to C 10 ) alkylidenyl group, R 5 and R 8 when taken with the 
two ring carbon atoms to which they are attached can represent saturated and 
unsaturated cyclic groups containing 4^to 12 carbon atoms or an aromatic ring 
containing 6 to 17 carbon atoms/anc pflis 0, 1, 2, 3, or 4. 

12. A method as set fortl^jri^laim 1, wherein said norbornene-type 
polymer comprises hydrocarbyl substituted polycyclic repeating units selected 
from units represented by Formula II aelow: 




II 



wherein R s , R 6 , R 7 , and R 8 independer 
branched to C 20 ) alkyl, hydrocarbyl 
cycloalkyl, hydrocarbyl substituted and 
substituted and unsubstituted (C 7 to C 
branched (C 3 to C 20 ) alkenyi, or vinyl; 



:ly represent hydrogen, linear and 
substituted and unsubstituted (C 5 to C 12 ) 
unsubstituted (C e to C 40 ) aryl, hydrocarbyl 
) aralkyl, (C 3 to C 20 ) alkynyl, linear and 
any of R 5 and R 6 or R 7 and R 8 can be taken 
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together to form a (C, to C 10 ) alkylidenVl group, R s and R 8 when taken with the 
two ring carbon atoms to which they ale attached can represent saturated and 
unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring 
containing 6 to 17 carbon atoms; and ri is 0, 1, 2, 3, or 4. 

13. A method as set forth in claim 1 , wherein said norbornene-type 
polymer comprises repeating units represented by Formula III below: 
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15 



20 



25 




wherein R 9 to R 12 independently represent a polar substituent selected from the 
group: -(A) n -C(0)OR", -(A) n -OR", -(A) n -Od(0)R", -(A) n -OC(Q)OR", 
-(A) n -C(0)R", -(A) n - OC(0)C(0)OR", -(A)^O-A'-C(0)0R", 
-(A) n -OC(0)-A'-C(0)OR'\ -(A) n -C(0)O-A'-(b(0)OR", -<A) n -C(0)-A'-OR". 
^^(OJO-A'-OC^OR^-CA^-C^JO-A'io-A'-CtOJOR", 
-(A) n -C(0)0-A'-OC(0)C(0)OR'',-(A) n -C(R"LcH(R")(C(0)OR''), and 
-(A) n -C(R") 2 CH(C(0)OR") 2 ; the moieties A and A' independently represent a 
divalent bridging or spacer radical selected from divalent hydrocarbon radicals, 
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and 
divalent cyclic ethers and cyclic diethers; an^l r is an integer 0 or 1 . 

14. A method as set forth in claim 1 , wherein said norbornene-type 
polymer comprises copolymers comprising a jcombination of repeating units 
represented by Formulae I and II, Formulae l|and III, Formulae II and III or 
Formulae I, II and III, where 

Formula I is: 
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R> k> R3 R 4 

wherein R 1 and R 4 independently^ represent hydrogen or linear or branched 

(C, to C 20 ) alkyl; R 2 and R 3 independently represent hydrogen, linear or branched 

(C t to C 20 ) alkyl or the groups: I 



R9 



-(CI^iSiRioRHR^ 



la 



R 9 independently is hydrogen, mejhyl, or ethyl; R 10 , R 11 , and R 12 independently 
represent linear or branched ((p, tp fe 20 ) alk y'> linear or branched (C, to C 20 ) 
alkoxy, linear or branched <C 1 to- C^rfelkyt carbonyloxy, and substituted or 
unsubstituted (C 6 to C 20 ) aryloxyrm is a number from 0 to 4; and n is a number 
from 0 to 5; and at least one of suastituents R 2 and R 3 is selected from the silyl 
group represented by the formula set forth under la; 
Formula II is 



II 




wherein R 5 , R 6 , R 7 , and R 8 independently represent hydrogen, linear and 
branched (C, to C 20 ) alkyl, hydrocarbyl substituted and unsubstituted (C 5 to C 12 ) 
cycloalkyl, hydrocarbyl substituted arid unsubstituted (C 6 to C 40 ) aryl, hydrocarbyl 
substituted and unsubstituted (C 7 to <h 15 ) aralkyl, (C 3 to C 20 ) alkynyl, linear and 
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branched (C 3 to C 20 ) aikenyl, or viny ; any of R 5 and R 6 or R 7 and R 8 can be taken 
together to form a (C^ to C 10 ) alkylidenyl group, R 5 and R 9 when taken with the 
two ring carbon atoms to which theyjare attached can represent saturated and 
unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring 
containing 6 to 17 carbon atoms; anjd p is 0, 1, 2, 3, or 4; and 
Formula III is 



III 




R 10 R n 



R 12 



wherein R 9 to R 12 independently represent a polar substituent selected from the 
group: -(A) n -C(0)OR", -(A) n -OR", -(Aj) n -OC(0)R", -(A) n -OC(0)OR", 
-(A) n -C(0)R", -(A) n - OC(0)C(0)OpT^A) n -0-A'-C(0)OR", 
-(A) n -OC(0)-A'-C(0)OR", -(A) n -c/o) ^k-C(0)OR", -(A) n -C(0)-A'-OR", 
-(A) n -C(0)O-A'-OC(0)0R", KA) n -0(Gp-A'-O-A'-C(O)OR'', 
-(A) n -C(0)0-A'-OC(0)C(0)OR", -(A)|-C(R") 2 CH(R")(C(0)OR"), and 
_(A) n -C(R") 2 CH(C(0)OR")2; the moieties A and A' independently represent a 
divalent bridging or spacer radical selected from divalent hydrocarbon radicals, 
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and 
divalent cyclic ethers and cyclic diethers; and n is an integer 0 or 1 . 

15. A method as set forth in] claim 1, wherein the repeating units 
containing silyl functional groups combrise at least 1 mole percent of the 
polymer. 

16. A method as set forth in claim 15, wherein the repeating units 
containing silyl functional groups comprise at least 5 mole percent of the 
polymer. 
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17. A method as set forth in 
provided in the semiconductor structu 



claim 1, wherein the sacrificial material is 
e by: 
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forming a patterned layer of the sacrificial material on a substrate 
corresponding to a pattern of one or more gaps to be formed in the 
semiconductor structure; and 

forming another layer of material overlying the patterned layer of 
sacrificial material 

18. A method as set forth an claim 1, wherein the sacrificial material is 
provided in the semiconductor structure by: 

forming a patterned layer of sacrificial material on a substrate 
corresponding to a pattern of one or more gaps to be formed in the 
semiconductor structure; 



Lterte 



depositing a second material on the substrate within regions 
bordered by the sacrificial material; 

forming another layer of fnaterial overlying the patterned layer of 
sacrificial material and second m^ter|a^n ttje regions bordered by the sacrificial 



material. 

19. A method as set forth in claim 18, wherein the depositing step 
includes using a conductive material jas the second material to form conductive 
leads, 

20. A semiconductor device produced in accordance with the method 
of claim 1. 

21 . A method of forming ono or more air gaps in a semiconductor 
structure comprising the steps of: 

forming a patterned layer of sacrificial material on a substrate 
corresponding to a pattern of one or more gaps to be formed in the 
semiconductor structure; 

depositing a second material on the substrate within regions 
bordered by the sacrificial material; 

forming an overcoat layer of material overlying the patterned layer 
of sacrificial material and second material in the regions bordered by the 
sacrificial material; 
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causing the sacrificial 



20 



25 



material to decompose into one or more 



gaseous decomposition products; and 

removing at least one of the one or more gaseous decomposition 
products by passage through the overcoat layer so that one or more air gaps are 
5 formed within the semiconductor structure. 

22. A method as set forth in claim 21 , wherein said depositing of the 
second material includes using a conductive material to form conductive leads 
on opposite sides of portions of the sacrificial material. 

23. A method as set forth p claim 22, wherein prior to said forming of 
10 the overcoat layer, the conductive material is formed with a height less than the 

height of the adjacent sacrificial material. 

24. A method as set forthjii^laim 21, wherein said sacrificial material 
is a cyclic olefin. /" \ j 

25. A method as set forttj [ i^claim 24, wherein said cyclic olefin is a 
is dicyclic olefin. j 

26. A method as set forth if) claim 21, wherein said sacrificial material 



is a norbornene-type polymer. 

27. A method as set forth ir 



polymer comprises repeat units of the general formula: 



claim 26, wherein said norbornene-type 




wherein R 1 and R 4 independently represent hydrogen or linear or branched 
(C, to C 20 ) alkyl; R 2 and R 3 independently represent hydrogen, linear or branched 
(C n to C 20 ) alkyl or the groups: 
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R 9 independently is hydrogen, methyl, or ethyl; R 10 , R 1 \ and R 12 independently 
represent linear or branched ((L to C 20 ) alkyl. linear or branched (C 1 to C 20 ) 
alkoxy, linear or branched (G 1 to C 20 ) alkyl carbonyloxy, and substituted or 
unsubstituted (C 6 to C 20 ) aryloxy; m is a number from 0 to 4; and n is a number 
from 0 to 5; and at least one of |substituents R 2 and R 3 is selected from the silyl 
group represented by the formula set forth under la. 

28. A method as set ferth in claim 27, wherein in Formula I above, m is 



preferably 0 or 1 as represented by structures lb and Ic, respectively: 





wherein R 1 to R 4 are as previously! defined and at least one of R 2 and R 3 is a silyl 
substituent represented by la. 

29. A method as set fort^ in claim 27, wherein R 1 and R 4 taken 
together with the two ring carbon adorns to which they are attached comprise a 
repeat unit of the following 
structure: 




wherein B is a methylene group, q i s a number from 2 to 6, and R 2 and R 3 are as 
defined above. 

30, A method as set forth in claim 27, wherein said norbornene-type 
polymer further comprises hydrofeanyl substituted polycyclic repeating units 
selected from units represented by Formula I! below: 




II 



wherein R 5 , R 6 , R 7 , and R 8 mdej^ndlsntly represent hydrogen, linear and 
branched (C 1 to C 20 ) alkyl, hydrocarbyl substituted and unsubstituted (C 5 to C 12 ) 
cycloalkyl, hydrocarbyl substituted and unsubstituted (C 6 to C 40 ) aryl, hydrocarbyl 



substituted and unsubstituted (C 7 to 
branched (C 3 to C 20 ) alkenyl, or vinyl 



C 15 ) aralkyl, (C 3 to C 20 ) alkynyl, linear and 
any of R 5 and R e or R 7 and R 8 can be taken 



two ring carbon atoms to which they 
unsaturated cyclic groups containing 
containing 6 to 17 carbon atoms; anc 



together to form a (C, to C 10 ) alkylidenyl group, R 5 and R 8 when taken with the 



are attached can represent saturated and 
4 to 12 carbon atoms or an aromatic ring 
pisO, 1,2, 3, or 4. 



31. 
of claim 21, 

32. 
steps of: 

structure; 



A semiconductor device produced in accordance with the method 



A method of forming an 



air gap within a structure comprising the 



using a sacrificial material to occupy a closed interior volume in the 
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heating the sacrificial material to cause it to decompose into one or 
more gaseous decomposition products; and 

removing at least onej of the one or more gaseous decomposition 
products by passage through at le^st one solid layer contiguous to the interior 
volume; and | 

wherein the decomposition of the sacrificial material leaves an air 
gap at the closed interior volume previously occupied by the sacrificial material. 

33. A method as set forth in claim 32, wherein the at least one solid 
layer is a dielectric material through which the at least one of the one or more 
gaseous decomposition products carj pass by diffusion under conditions not 
detrimental to the semiconductor structure. 

34. A method as set forth irj claim 32, wherein the at least one solid 
layer is a porous dielectric material through which the at least one of the one or 
more gaseous decomposition prooWsUpass through pores in the porous 
dielectric material under conditions ndt detrimental to the semiconductor 
structure. 

35. A method as set forth in claim 32, wherein said sacrificial material 
is a cyclic olefin. \ 

36. A method as set forth in <j!airn 35, wherein said cyclic olefin is a 
bicycloolefin. j 

37. A method as set forth in c|airn 32, wherein said sacrificial material 
is a norbornene-type polymer. j 

38. A method as set forth in cfjairn 37, wherein said norbornene-type 
polymer comprises repeat units of the general formula: 
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wherein R 1 and R 4 independently represent hydrogen or linear or branched 
(C 1 to C 20 ) alkyl; R 2 and R 3 independently represent hydrogen, linear or branched 
(C A to C 20 ) alkyl or the groups: 



R* 



-(CI^n-SiRioRHR 12 



la 



15 



R 9 independently is hydrogen, mfethyll, or ethyl; R 10 , R 11 , and R 12 independently 
represent linear or branched (C, to cl 0 ) alkyl, linear or branched (C, to C 20 ) 
alkoxy, linear or branched (C, to C 20 ) falkyl carbonyloxy, and substituted or 
unsubstituted (C 6 to ) aryloxy; m is a number from 0 to 4; and n is a number 
from 0 to 5; and at least one of substiiuents R 2 and R 3 is selected from the silyl 
group represented by the formula setioijth under la. 

39. A method as set forth/in piaim 38, wherein in Formula I above, m is 
preferably 0 or 1 as represented by^str)4Ctures lb and Ic, respectively: 
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R 1 R2 R3 R 4 




R2 R3 
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wherein R 1 to R 4 are as previously define'd and at least one of R 2 and R 3 is a silyl 
substituent represented by la. 



rn 38, wherein R 1 and R 4 taken 



40. A method as set forth in clafj 
together with the two ring carbon atoms t<^ which they are attached comprise a 
repeat unit of the following structure: 
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wherein B is a methylene group, q is a number from 2 to 6, and R 2 and R 3 are as 
defined above. 

41 . A method as set forth in claim 38, wherein said norbornene-type 
polymer further comprises hydrocarbyl substituted polycyclic repeating units 
selected from units represented by Formula I) below: 




II 



wherein R 5 , R 6 , R 7 , and R 8 independently represent hydrogen, linear and 
branched (C 1 to C 20 ) alky!, hydrocafbyl substituted and unsubstituted (C 5 to C 12 ) 
cycloalkyl, hydrocarbyl substituted and unsubstituted (C 6 to C 40 ) aryl, hydrocarbyl 
substituted and unsubstituted (C 7 to C 15 ) aralkyl, (C 3 to C 20 ) alkynyl, linear and 
branched (C 3 to C 20 ) alkenyl, or vinyl; any of R 5 and R 6 or R 7 and R 8 can be taken 
together to form a (C 1 to C 10 ) alkylidenyl group, R 5 and R 8 when taken with the 
two ring carbon atoms to which they are attached can represent saturated and 
unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring 
containing 6 to 17 carbon atoms; ard p is 0, 1, 2, 3, or 4. 

A semiconductor device produced in accordance with the method 



42. 
of claim 32 



i 
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